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We present a method of manipulating the Raman process by using a coherent control field which leads to
splitting of the Raman gain peak into a doublet and anomalous dispersion in the region between the gain peaks.
We show how the region of almost no Raman gain and strong anomalous dispersion is ideally suited for
producing superluminal propagation. In particular, we show that the group index for a 23Na condensate could
be in the range −103 to −104.
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It is now widely recognized that the dispersive properties
of a medium can be well controlled by the application of a
coherent field on an accompanying unoccupied transition
[1,2]. This type of dispersion management has led to inter-
esting applications in nonlinear optics and in the propagation
of pulses. Harris et al. recognized the possibility of ultraslow
light [3], which was realized by Hau et al. [4]. There have
been many other realizations of ultraslow light in atomic
vapors [5] and solid state materials [6]. The work on ul-
traslow light has further led to proposals on the stopping of
light [7] which has been achieved in very recent experiments
[8]. Fiberlike dispersion in an atomic vapor can be produced
[9]. We have also seen parallel developments in superluminal
propagation. Based on the earlier suggestion of Steinberg
and Chiao [10], Wang et al. produced a double-peaked Ra-
man gain profile using two pump fields with closely sepa-
rated frequencies [11]. They obtained superluminal propaga-
tion of pulses with central frequency near the minimum in
the double-peaked Raman gain profile. Bigelow et al. [12]
realized superluminal propagation in alexandrite by using
population pulsations and reverse saturation in this medium.
Propagation of pulses with discontinuities has been studied
with a view to obtaining the correct signal velocities [13].
There are many other theoretical proposals for achieving su-
perluminality. Agarwal et al. [14] suggested the use of a
microwave field between the two lower levels of a L system.
Cross talk between different fields can also lead to superlu-
minality [15]. Note that the cross talk is especially important
when the separation between the two lower levels is of the
order of or less than the Rabi frequency of the pump field.
More specifically, Wilson-Gordon and co-workers [16] have
shown that Zeeman systems reverse dispersion with increase
of the strength of the pumping field.
In this paper, we propose a scheme in which Raman gain
processes can be coherently controlled and show how this
coherent control can lead to large superluminality in a fash-
ion similar to the realization of ultraslow light using coherent
control. It is known that the dispersion on the probe transi-
tion which corresponds to Raman gain should be normal in
the region of the line center. For large superluminality we
need to create anomalous dispersion with very little gain so
that pulses can propagate without growing or becoming un-
stable. This indeed is produced by the application of a coher-
ent control field which creates a hole in the gain profile in the
region of the line center. This is reminiscent of the hole in
the absorption profile produced by a coherent field [17].
Thus, by the application of a coherent field, we produce a
sharp minimum in the Raman gain profile and a steep
anomalous dispersion. This coupled with a large density pro-
vides us with ideal conditions for superluminal propagation
of light pulses. It must be noted that the control of other
two-photon processes has been discussed. For example, elec-
tromagnetically induced transparency in two-photon absorp-
tion has been proposed [18] and seen [19,20].
Our model for coherent control of Raman gain processes
is shown schematically in Fig. 1. The ground levels ugl and
ug8l are coupled to the excited level uel by electric fields with
Rabi frequencies G1 and G2, respectively. The corresponding
detunings are D1 and d, respectively, defined as the differ-
ences between the frequencies of the interacting fields and
the corresponding transition frequencies. The control field is
applied on the transition ug8l and ue8l and will enable us to
manipulate the Raman gain [21]. We note that the Raman
gain is a single-step process where the pumping field G1 is
detuned from the transition. We will continue to work under
detuned conditions, otherwise there would be a mixing of the
two-step sugl→ uel→ ug8ld and one-step processes. Since the
systems used in many specific applications of coherent con-
trol appear rather similar, it is good to point out the major
differences. In the case of ultraslow light we have a weak
probe pulse whose propagation in a linear medium is con-
trolled by a coherent field. The probe pulse acts on a transi-
FIG. 1. Level configuration for achieving superluminality. The
pump and probe fields with respective Rabi frequencies Gisi
P1,2d interact with the transitions uel↔ ugl and uel↔ ug8l, respec-
tively. Superluminality can be created by applying a control field
with Rabi frequency G3 that couples the level ue8l to ug8l.
D1 ,d , and D3 are the respective detunings.
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